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容量，准确计算电池的不可逆容量损失。此外，由 EMF 曲线还可得到 ݀ ாܸெி/݀ܳ 曲线。















































The application of Li-ion batteries in electric vehicles (EV) and hybrid electric vehicles 
(HEV) has recently drawn major attention. The replacement of internal-combustion-engine 
driven vehicles by EV is considered to be an effective way to mitigate the air pollution problems 
in large cities. The aging performance has significant consequence on reliability and safety of 
a Li-ion battery system. An in-depth understanding of aging mechanisms is helpful to improve 
the life-span of Li-ion batteries. Modeling is an efficient way to investigate the battery 
performance degradation. By modeling, researchers can not only explain the aging phenomena 
observed, but also predict the aging results which cannot be easily detected. The modeling work 
presented in this thesis provides a theoretical basis on improving battery manufacturing 
techniques and on developing battery management systems. 
The complete investigation strategy in this thesis is composed of three steps, namely, battery 
test, data analyses and simulations. The testing step constitutes storage and cycling 
measurements. Different battery SoC and temperature have been controlled during storage. The 
currents, cycling ranges and temperature are treated as variables in cycling conditions. In data 
analyses section, the Electromotive Force (EMF) curves, determined by mathematical 
extrapolation of the measured voltage discharge curves, are used to investigate the aging 
mechanisms during aging. The irreversible capacity loss is accurately calculated on the basis of 
the maximum storage capacity estimated from the EMF curves. Based on the EMF curves, 
݀ ாܸெி/݀ܳ  curves have been calculated. A nondestructive approach for quantification of 
graphite electrode decay is proposed on the basis of ݀ ாܸெி/݀ܳ analysis. Based on the analyses 
of the aging results obtained under various aging conditions, an advanced aging model of LFP 
battery has been proposed in this thesis. The irreversible capacity losses are simulated on the 
basis of the complete aging model which is composed of the SEI formation model and cathode 
dissolution model (at elevated temperatures). Electron tunneling is assumed to be rate 
determining in the SEI formation model. The cathode dissolution is assumed to be controlled 
by the proton exchange with transition metal. The model systematically explains the influences 
of SoC, temperature, cycling current and cycling ranges on battery capacity loss. It has been 
concluded from both experimental and simulations that capacity losses are as a function of SoC, 
temperature, current and cycling ranges. 
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